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which such semiconductor device might be or are used. 


Copyright © 1985, Texas Instruments Incorporated 


INTRODUCTION 


The TMS32020 Digital Signal Processor is a fixed-point 
16/32-bit microprocessor. However, it can also perform 
floating-point computations at a speed comparable to some 
dedicated floating-point processors. 

The purpose of this application report is to analyze an 
implementation of floating-point addition, multiplication, and 
division on the TMS32020. The floating-point single- 
precision standard proposed by the IEEE will be examined. 
Using this standard, the TMS32020 performs a floating-point 
multiplication in 7.8 microseconds, a floating-point addition 
in 15.4 microseconds, and a floating-point division in 22.8 
microseconds. 

To illustrate floating-point formats and the tradeoffs 
involved in making a choice between different floating-point 
formats, a review of floating-point arithmetic notation and 
of addition, multiplication, and division algorithms is first 
presented. 


FLOATING-POINT NOTATION 


The floating-point number f may be written in floating- 
point format as 


f = mxbe 
where 
m = mantissa 
b = base 
e = exponent 


For example, 6,789,320 may be written as 
0.6789320 x 107 


In this case, 


m 0.6789320 
b = 10 
e = 7 


The two floating-point numbers f; and f7 may be written as 


fj m, xbel 
fp = mpg xbe2 


Floating-point addition/subtraction, multiplication, and 
division for fj and f2 are defined as follows: 


fj Xf) = (my+my xb ©1~©2)) xbel if ey =e0 (1) 
Or 
= (mj x b~ €2-eD) +m) x be2 if ej, <e? 
f, Xf) = my Xm xb&1 +2) (2) 


(m /m3) xb (1~€2) (3) 


f/f 


A cursory examination of these expressions reveals 
some of the factors involved in the implementation of 
floating-point arithmetic. For addition, it is necessary to shift 
the mantissa of the floating-point number which has the 
smaller exponent to the right by the difference in the 
magnitude of the two exponents. This is shown in the 
multiplication by the terms 


b~ (€1—-€2) and b~ (€2—e1) 


This right shift can result in mantissa underflow. There 
are also possibilities for mantissa overflow. Addition and 
subtraction of exponents can lead to exponent underflow and 
overflow. To alleviate underflow and overflow, it is 
necessary to decide on some scheme for roundoff. For a 
detailed description and analysis of underflow and overflow 
conditions and rounding schemes, see reference 1. 

It is desirable to have all numbers normalized, i.e., the 
mantissas of f; and f2 have the most significant digit in the 
leftmost position. This provides the representation with the 
greatest accuracy possible for a fixed mantissa length. The 
result of any floating-point operation must also be 
normalized. The factors associated with normalization, 
overflow, and other characteristics of floating-point 
implementations are best illustrated with a few examples. 

Consider the addition of two binary floating-point 
numbers f; and f7 where 


0.10100 x 2011 
0.11100 x 2001 


fy 
f2 


Both of these numbers are normalized, 1.e., the first 
bit after the binary point is a 1. Addition requires equal 
exponents, so the fractions are aligned by shifting right the 
one with the smaller exponent and adjusting the smaller 
exponent. This yields 


fo = 0.00111 x2011 
Then, 


fy +f) = 0.10100 x 2011 +0.00111 x 2011 
= 0.11011 x2011 =f, 


The sum may overflow the left end by one digit, thus 
requiring a postaddition adjustment or renormalization step. 
Since it is assumed that the register is only of a finite length, 
this renormalization will result in the loss of the lowest order 
bit. 

Another example illustrates the overflow past the most 
significant bit. With an assumed register length of five, let 


0.11100 x 2011 
0.10101 x 2001 


fy 
fo 


Then, 


0.11100 x20ll=f, 
+ 0.0010101 x2011 =f, 
1.0000101 x 2011 =f, 


The significance of the two digits underlined in the right 
part of the mantissa is suspect, since it is assumed that the 
corresponding bits of fj are zero. The left underlined digit 
is the overflow past the most significant bit. To finish the 
addition, f3 is shifted to the right and the exponent adjusted 
accordingly. Thus, 


1.0000101 x 2011 =f, 


The shift of the fraction and the adjustment of the exponent 
yield 


0.10000101 x 2100 = fz 
The result may be rounded, giving 
0.10001 x 2100 = fz 
or truncated, giving 
0.10000 x 2100 = f, 
FLOATING-POINT ALGORITHMS 


Multiplication Algorithm 

The algorithm for normalized floating-point 
multiplication is illustrated in Figure 1. This algorithm is an 
implementation of Equation 2 in the section on floating-point 
notation. The floating-point numbers being multiplied are A 
and B written as 


A = ma Xb*A and B = mp xb‘B 
The result is 
C = mcxbsc 
For the resulting mc, there are three special cases. The 


mc may be zero, in which case there is a branch to Step 
10 to set C=O. If mc #0, then the most significant bit will 


MA mB 


, MULTIPLY MANTISSAS 
mc =m, X mB 
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ADD EXPONENTS 
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3 TEST FOR SPECIAL CASES OF mc 


NORMALIZED 


TEST FOR SPECIAL CASES OF ec 


OVERFLOW 
OR 
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10 | SET SPECIAL VALUES OF RESULT 


C=AxB 


Figure 1. Floating-Point Multiplication 


be in either the first or second leftmost bit. If the most 
significant bit is in the second leftmost bit, then a left shift 
of mc is necessary (see Step 5). Otherwise, C is already in 
normalized form, and there is a branch to Step 6. 

In Step 6, the desired rounding scheme is implemented. 
After this rounding, it is possible that mc will overflow (see 
Step 7). In this case, it is necessary to right-shift mc one 
bit (see Step 8). Special cases of ec , are tested for in Step 9. 


If there is an overflow or underflow of ec, it is corrected 
in Step 10. Otherwise, the result is in range, and the 
calculation is complete. 


Addition Algorithm 


The implementation of normalized floating-point. 


addition is more involved than for multiplication. This 
addition algorithm, outlined in Figure 2, is an implementation 
of Equation 1 in the section on floating-point notation. 
In Step 1, ea and ep are compared to determine ec. 
For this illustration of the algorithm, it is assumed that 
eA sep. The right shift (d) required to align mag is 
determined in Step 2. The procedure in Step 3 implements 
the right shift of ma. In Step 4, the extra bits of ma are 
discarded by using the desired rounding technique. The 
mantissas of A and B are then added in Step 5. 


A B 


| [amen TCR sone 
dn 
) ae 
co 
eres! 
ee 


NOR 
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C=A+8B 


Figure 2. Floating-Point Addition 


Now, the procedure becomes somewhat more involv- 
ed. The mc may be zero, in which case there is a branch to 
Step 9 which sets ec = 9; a branch to Step 14 sets the special 
value of the result. The mc may overflow, making a right 
shift of one necessary (see Step 7). The mc may have k 
leading zeroes; therefore, a left shift of k is required. This 
normalization step is generally the most involved and time- 
consuming step to perform. The procedures in Steps 10, 11, 
and 12 round the mc, test for a possible overflow due to 
the rounding, and adjust ec accordingly. The special case 
of ec is determined in Step 13. Finally, after Step 14, the 
sum C = A + Bis formed. 


Division Agorithm 

Floating-point division is more sophisticated than 
multiplication and addition since fixed-point processors such 
as the TMS32020 are not inherently capable of performing 
division. For example, 1/3 = 0.3333...; only an approx- 
imation can be calculated since 1/3 must be represented in 
a finite number of terms. Several algorithms can be im- 
plemented to find good approximations of such numbers. The 
algorithm implemented in this report is shown in Figure 3. 

Step 1 shows the equivalent of A/B. In Step 2, the latter 
term is expanded using a power series of 1/(1 + X), where 
€ (BLO/BHI) is X (e simply denotes that the term is right- 
shifted 16 bits forming the least significant bits of a 32-bit 
number). The third term in the power series only affects the 
LSB of a 32-bit result; therefore, this term and all the 
following terms can be dropped, as shown in Step 3. 

The equation in Step 3 can be implemented on the 
TMS32020 in two steps. Assuming that the result is a 32-bit 
number Q and that it is composed of a 16-bit QHI and a 16-bit 
QLO, think of the equation in Step 3 in the following 
manner: A/B = Q — eX. The first term is a fair approx- 
imation of the result Q, and the second term is a correction 
term to obtain a better approximation. With this in mind, 
it can be shown that (AHI + eALO)/BHI will give a 16-bit 
quotient and a 16-bit remainder. Due to the architecture of 
the TMS32020, the 16-bit quotient will be in the low word 
of the accumulator and the remainder will be in the high word 
of the accumulator after the division. Since it is desirable 


A divided by B 


AHI + €ALO 
BH! + €BLO 
1 ; 1 
QWORDSIZE 316 


where A 


wo 
tou oll 


AHI + €ALO ~— AHI +: € 
STEP: “BHEeELO” —" 
1+ € (a5 dae [BUOY ) 
BHI 
AHI + €ALO BLO BLO ,2 
STEP 2: a! oe eee Tce + €2 gi 
BHI BHI BHI 


AHI + AHI + €ALO BLO AHI + €ALO 
STEP 3: ~ = e( — ) ( —__—— ) 


BHI Hl 


Figure 3. Division Equation 


to have a floating-point result, the remainder must be divid- 
ed by BHI to obtain the low word of the quotient. Now QHI 
and QLO have been calculated. When placing Q into the cor- 
rection term (equation in Step 3), note that Q is equal to QHI 
+ QLO. It can be shown that QLO will have no effect on 
the result since the correction term is multiplied by e. 
Therefore, to calculate A divided by B, simply implement 
the following equation: 
A A BLO 


— = —— —e(—— x gut} 
B CBHI BHI 


where the division is fixed binary (left-shifts and subtracts). 

Figure 4 shows the implementation of the division 
algorithm that was outlined in Figure 3. 

In Step 1, the dividend is right-shifted four times to 
prevent an overflow. Note that the result is not shifted left 
to compensate for this shift, because the normalization routine 
automatically does this. The shift causes the dividend to be 
limited to 27 significant bits instead of 31. In Step 2, a binary 
divide (left-shifts and subtracts) is implemented on the 
dividend by the high 16 bits of the divisor. The 32-bit result 
contains a quotient in the low 16 bits of the accumulator, 
and a remainder (R1) in the high 16 bits of the accumulator. 
R1 is left-shifted fifteen places in Step 3. The new R1 is 
divided by BHI in Step 4 to calculate the lower 16 bits of 
the quotient. 

The quotient has now been approximated. The 32-bit 
result is composed of QHI and QLO, as shown in Figure 3. 
To obtain a better approximation, one term in the power 
series expansion must be added to the quotient. Therefore, 
the procedure in Step 5 calculates a 16-bit correction term, 
which is then added (or subtracted since it is the term 
following the “‘1’’ in the power series) to the 32-bit quotient. 

Testing for an overflow of the resulting mantissa is 
necessary. Since the dividend was left-shifted four places, 
the resulting quotient will not be negative if an overflow 
occurred. To detect an overflow, bit 28 in the quotient must 
be tested. If this bit is a 1, an overflow occurred; if it is a 
0, no overflow occurred. If an overflow has occurred, the 
exponent must be incremented. Finally, it is necessary to 
normalize the quotient and output the results. 
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_ 
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oI 
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31 
SHIFT “‘A’’ RIGHT FOUR TIMES TO 
1 PROTECT FROM OVERFLOW. 


A/BHI = 32-BIT RESULT. 
2 HIGH 16 BITS ARE REMAINDER #1 (R1). 


LOW 16 BITS ARE HIGH QUOTIENT (QHI). 


SHIFT R1 LEFT FIFTEEN TIMES. 
EQUIVALENT TO R1 x 219. 


R1/BHI = 32-BIT RESULT. 
4 HIGH 16 BITS ARE REMAINDER #2 (R2). 
LOW 16 BITS ARE LOW QUOTIENT (QLO). 


5 MULTIPLY QHI BY BLO AND DIVIDE BY BHI. 
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SUBTRACT 16-BIT CORRECTION TERM 
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Cexp = Aexp ~ Bexp 
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Figure 4. Floating-Point Division 


IEEE FLOATING-POINT 
SINGLE-PRECISION FORMAT 


Of interest is a set of formats known as the IEEE 
standard. This IEEE recommended format consists of a 
variety of precision formats (single, double, single-extended, 
and double-extended). The IEEE has also proposed several 
techniques for handling special cases such as overflow, 
underflow, + oo, and rounding. For complete details, the 
reader is referred to the proposed IEEE standard.2 

The single-precision format is a 32-bit format consisting 
of a 1-bit sign field s, an 8-bit biased exponent e, and a 23-bit 
fraction f (see Figure 5). The value of a binary floating-point 
number X is determined as follows: 


X = (-1)8 x 2(¢-127) x Lf 


Figure 5. IEEE Floating-Point Single-Precision Format 


The advantage of this format is that it is structured in 
such a way as to provide easy storage and straightforward 
input/output operations on 8-, 16- and 32-bit processors. The 
disadvantage with this format is that the large mantissa will 
generally span several words of memory. 


FLOATING-POINT IMPLEMENTATION 


IEEE Implementation 

The IEEE single-precision format is described here as 
it applies to the addition, multiplication, and division 
algorithms. In these floating-point routines written for the 
TMS32020, all results are truncated to 31 bits to provide 
more flexibility in the user’s development of a rounding 
scheme suitable for his application. The representations of 
+ oo are ignored so that the user can decide how to handle 
these exceptions in a manner that is appropriate for his 
particular application. 


I/O Considerations 

The first consideration is the internal representation of 
the binary floating-point number. If the number is read into 
the TMS32020 as two 16-bit words, some processing is then 
necessary to put the floating-point number into a 
representation which is easier to process. The representation 
used in the TMS32020 programs in the appendices is shown 
in Figure 6. This internal representation may be arrived at 
by a simple manipulation of the IEEE bit fields. For this 
particular algorithm, it is assumed that the floating-point 
number is input to the TMS32020 as the four 16-bit fields 
shown in Figure 6. However, the user can easily supply his 


own routine to arrive at this format from two 16-bit inputs 
to the TMS32020 where the inputs contain the IEEE single- 
precision format. 

The format in Figure 6 was chosen to minimize the 
execution time of the floating-point addition, multiplication, 
and division routines. The format of the result is shown in 
Figure 7. Notice that it is identical to the format in Figure 
5 except for CLO. CLO has its 16 most significant bits valid 
for both the addition, multiplication, and division routines. 


Normalization 

Since the floating-point routines require normalization, 
a partial binary search algorithm is implemented in the 
addition and division routines in the appendices. To begin 
the normalization routine, note that all mantissas can be 
considered to be positive with the format used for the result 
shown in Figure 7. The binary search for the most significant 
bit (the leftmost 1 since the mantissa is positive) is illustrated 
in Figure 8. 

The first move is to split the result into CHI and CLO. 
If CHI + 0, the most significant bit (MSB) is the CHI; 
otherwise, it is the CLO. For this example, it is in CLO. 


15 141312 1110 9 8 7 6 5 4 3 2 1 =O 
ASIGN 
(0 IF POSITIVE, 
OR — 1 IF NEGATIVE) 


15 14131211109 8 7 6 5 43 2 1 =O 


AHI 


ignifi t 14 bit 
(NORMALIZED) 0 61 f (most significan its) 


15 14131211109 8 7 6 5 4 3 2 1 =O 


ALO Of (least significant 9 bits) 0 0 0 0 0 90 


15 14131211109 8 7 6 5 4 3 2 1 #9 


Figure 6. Floating-Point Representation 


15 14 13 12 1110 9 8 7 6 5 4 3 2 #1 «0 


CSIGN 

(0 OR —1) 
15 141312 1110 9 8 7 6 5 4 3 2 1 =«0 

CHI 

(NORMALIZED) 


15 14 13 12 1110 9 8 7 6 5 4 3 2 1 #0 


CLO 


15 14131211109 8 7 6 5 4 3 2 1 =O 


CEXP 


Figure 7. Result Representation 


31 


C 


0 


00000000 000000000001 01003110001 1 =71 


31 CHI 16 


000000000000000 0 


31 


0001010031410001 1 ~41 


BLZ NOFLOW 
RPT TTEEN 
NORM 


0101003110001 1100 


y 


15 CLO | 0 


0001010011000 71 1 =1 


15 0 


0000000000000 0 0 0 


GOTO NOFLOW ON OVERFLOW. 
TTEEN = 13, PERFORM 14 ‘‘NORM”’. 


Vis 7 0 
0000000000000 0 0 0 


Figure 8. Partial Binary Search 


The next step is to form a 32-bit result with CLO in the most 
significant word position. It is now possible for the MSB 
to be in the highest bit location since CLO has been left- 
shifted 16 times. If this is the case, an overflow has occurred, 
and the result must be right-shifted once. The normalization 
routine tests this by branching to NOFLOW if the result is 
negative. If the number is not negative, the normalization 
can continue. 

The NORM instruction is used in the repeat mode to 
complete the normalization. Note that this whole 
normalization routine can be replaced by the following two 
instructions: RPTK 29 and NORM. The RPTK instruction 
causes the NORM instruction to be repeated 30 times, thus 
normalizing a 32-bit number. This method is not 
implemented here due to the timing. These two instructions 
always take 31 cycles to normalize a 32-bit number. The 
normalization routine here takes only 22 cycles (worst case) 
for normalizing a 32-bit number. Therefore, if program space 
is More important than timing efficiency, it is best to replace 
the normalization routine with these two instructions. 


Added Precision 
As illustrated in Figure 7, the 16 most significant bits 
of CLO are valid, i.e., C is valid for 31 places beyond the 


6 


binary point. Oftentimes the user is not as concerned with 
the IEEE standard as in being certain that he has enough 
accuracy for his particular application. Since the TMS32020 
uses 16-bit words, the routines in the appendices implicitly 
maintain a 30-bit mantissa. They also implicitly use a 16-bit 
exponent. If the user desires this added accuracy and dynamic 
range, then it is readily implementable with no additional 
cost in execution time. The normalization for the addition, 


' aS mentioned previously, operates over the entire 32-bit 


accumulator. For the strict IEEE format, the user will only 
want to normalize over the 25 most significant bits of the 
accumulator. The structure of the normalization routine 
makes this modification simple. 

The routines in the appendices make no provision for 
the representation of + oo and exponent underflow and 
overflow. The user of the routines should consider the degree 
of significance of these results and the way they should be 
handled for his particular application. Since these routines 
are written to operate at maximum speed, truncation of results 
is used. If the user desires to implement a rounding scheme, 
then he will also need to check for the possibility of overflow 
due to the rounding scheme. This step is shown in the 
multiplication, addition, and division flowcharts (see Figures 
1, 2, and 3). 


SUMMARY 


The TMS32020 may be used to perform floating-point 
operations with great accuracy, wide dynamic range, and 
high-speed execution. The design engineer has the 
responsibility of deciding what type of floating-point format 
is best for his application. To aid in understanding floating- 
point operations, several examples have been given that 
illustrate the manipulations necessary to implement floating- 
point addition, multiplication, and division algorithms. 
Flowcharts for these algorithms are also included. The 
appendices contain the TMS32020 code for the IEEE 
floating-point single-precision format used in addition, 
multiplication, and division. The addition and multiplication 
routines may also be used without modification to implement 
a format with up to a 30-bit mantissa and a 16-bit exponent 
without any increase in execution time. 
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OOSS OOOF CAT LACK 1 
OO84 0008 4000 ATL ONE MiNE = | 
HOB OOOR CAO LACK 1é 
NOs OOO AOLG | SACL TXT 
oOoe? OOO0 CAO LAE ie 
Ose OOOE GOOF SACL THREE 
OO? OOOF CAL LACE to 
OOVG OOLO 4012 ALL TTEEN 
OOF 1 
OOv? 
OOS 
Cord 
Oo?s 
OO76 OOLL 2001 LPF LAt AE SF FINT) LARGEST NUMBER. 
OOF7 OO12 1005 SUB  BEYF 
OOVe OOLS A00C rat 1 ae [i 
Onvy OOL4 Faso RZ AEB IF EXPONENTS ARE THE SAME, JUMP TO AELIB, 
OOS ooft 
oioa ooté Faso RLZ ALTER TF A TS LESS THAN BL, JUMP TO ALTE. 
OOL? OOS7 
Oio4 as 
OL1O2 OO1S CESS AGTH NE OG 
O13 OOL7 OO1O AO ms EXT Uo o= €14-D) 
OLO4 OO 4000 roe a Ul 
OLO5 OOFLB SCoc ae i 
O10O4 O81 Boo LAL ASTON & Ts LARGER THAN BB. 
O107 OO10) 4008 SAL CSIGN THEREFORE, Co TiGN GS TGN, 
O08 OOLE Sood LAL: BE RF ALTON THE EB MANTISSA, 


O107 OO1F 400% SAL i ec ol 


Mi wy Ga Lp te 


INITIALIZATION 


i i a i a 


BEGIN FLOATING FOINT Ant 


a a a 3 


t 


NCMBIDIT S2020 FAMILY MACRO 455EMBLER PO, ? 84,345 TS12a!1eo Oo E785 
Hee FPRERELEGSE #24 
PAGE 000% 


O110 o020 42064 ALT BHI BHI IS ‘SHIFTED RIGHT "DD" TIMES. 

OL11 Oo0o871 48064 SAH BHI 

OLS oO22 46011 SAIL. RESID RESIDUAL BITS MUST BE MAINTAINED, 

O115 9002838 4207 LACT BLU BLO TS SHIFTED RIGHT "DD" TIMES. 

O114 O0%4 CELLS ie MSB (THE 9) [5 SHIFTED AWAY. 

OL15 o025 4507 SACH BLO 

M116 O0O2%46 2007 LAC BL 

OL117 O0%7 4011 rik RESTO GET BITS THAT WERE SHIFTED FROM BHI. 

OLE oOo2& 4007 | SACL BLO 

O11? oO2F7 FLOR | LAU: ALI, 1 BET RID OF EXTRA BIT. 

O120 OOPA 4005 SACL AL 

O1f1 OO2B FFSO RB THE SGN [I BOTH NUMBERS HAVE THE SAME SIGN? 
O02 O04 

O122 # 

O123 OO20D 2000 AELIB LAC ASTON IF SIGNS ARE THE SAME, CSION = ASTGN 

O124 OOFE 4008 SACL mS TGN 

O125 OOSF F103 LAr ALI, 1 ALTIGN MANTISSAS. 

OL12464 O0320 4003 SACL ALC 

O127 OO381 2107 LAL BLia, 1 

OLS OO382 4007 SACL BLO 

O12? O08 3 SOOT LAC AEXPF SET © EXPONENT = A EXFUNENT. 

OL3S0 o034 4009 SACL CEXF 

Ols1 OO3F FSO B CHE SSIGN TW BOTH NUMBERS HAVE THE SAME =IONT 
OORA OO4% 

OLS2 # 

O13 0037 0010 ALTB ADL SIXT 

OLsR4 OO38 4000 SACL ig CT = (14-D) 

O135 oo37 Bcoc LT 0 

QO12464 O0O38 2004 AL Bs TiN BR IS THE BIGGEST NUMBER. 

OL137 OOSB 46008 SACL mS TiN THEREFORE, LET THE SIGN OF C = BSIGN. 

Ol3e OOSC 2OOR LA RE XF BET C EXPONENT = B EXPONENT. 

OLS9 OooO80 400% SACL. EXP 

O140 OO3F 420% LACT AHI] AHI GETS SHIFTED “D" TIMES. 

O14] OO3F 4802 SACH AHI 

O142 0040 6011 SACL RESTO MAINTAIN EXTRA BITS. 

O142 0041 4203 LACT AL ALO GETS SHIFTED "fi" TIMES. 

O144 00427 CeEts SFL MSB (THE ©) IS SHIFTED AWAY. 

O145 0042 450% ACH ALC 

0146 0044 2ooOs LAC ALO 

O147 0045 4011 OR RESID GET RESIDUAL BITS. 

O14 O0O44 40075 SACL ALA 

O14y O047 2107 LAC BLO 1 BET RIT} OF EXTRA BIT. 

O150 a048 4007 SACL RL 

OLS] + 

OLS2 00497 2000 CHESGN LAC AS TGN RHEE THE SIGNS. 

Ojas O046 1004 LIB RIS TGN 

OlS4 OO48 Faso BZ ADNUW IF THEY ARE THE SAME, JUST ADD. 
oo04c oo74 

OLS O0O40) Paseo Biz AISNEG 
OO4E OOSL 

O14 OO4F 4002 BISNEG ZALH AHI Ti €:A;r -— iBil, 

Wis? OO80 4v05 ADS ALO SINCE BAO AND AS oO, 

OLS aghit 4507 SBS BL 

OLS? OOF 4404 SLIBH BHI 

O160 OO8%F Fea B? IZERG 
QOS4 OOEB 


NOS TOT 


O41 


OLE 
O14 
O164 
OL1465 
O1 44 


O16? 
OVes 
OL149 
O,7o 
O17] 


O17 2 


O173 
O174 
O1?75 
OL76 
O177 


O17 
O179 
OLsa 
OLS 
O1S2 
Ope 


OLa4 


OSS 
Osé 
O1a7 
Oss 
Olay 


O170 
O1V1 


O12 
O92 
O1v4 
OLS 
OL4 
Oao7 
OToe 


Lv? 


OOO 


OFO] 
O2O2 
O23 
O04 


8 8 boa 


OOSS 
OSA 
OOS? 
OOS 
OO 
OOEA 
OOS B 
OOS 
OOSTL 
OOSE 
OOS 
O04 
OO4 I 
O06. 
OOS 
OO44 
QOL 
OO044 
0067 
OOAE 
ODA? 
OO4A 


OO&R 
OOAL 
Oo4T 
QOGE 
OO4F 
OO7F7O 
O07 1 


wt tat foot 


Oo74 
OO75 
OO7 & 
OO77 
OO7E 
OO7F 


OO7A 
OO7B 
OOF C 
OO7T 
OO7E 
OO7F 
OORC 
OO 
OOS 


OOS 


OM 4 
OO 


OOS, 
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FSO 
OO7 2 
Fated O14) 
4008 
PAgn 
AOE 
FESO 
OO 

4004 
Aoi? 
4507 
4402 
FARO 
OOH 
FSO 
O07 2 
ASO 
A008 
CAQD 


raoo 
A009 
AQOE 
ACig 
&008 
FRO 
MOA7 


CER 


S 4808 


4008 
DOO] 
FFFF 
ANGE 
FRO 
OOn” 


AOO2 
AI 
4GO7 
AsOG 
4208 
&008 
FOSO 
OOS 
FARO 
DOB 


2008 
FASO 
OO 


ATSNEG 


t 
CZERU 


CNEG 


# 
ADNOW 


NORMAL. 


ZALH 
ADDS 
ADDS 
ADDIH 
AIH 
SACL 
RY 


BZ 


eon* “ame! ewe eae 


NORMAL 


BH I 
BLO 
AL 
AHT 
MZERO 


CNEG 


CHI 
rho 


IS TGN 
NORMAL 


EXP 
mSIGN 
HI 
CLG 
GAROLINE! 


HI 
PL 
SPREE 


IS DIN 
NORMAL 


AHI 
ALC 
BLid 
RH I 
HT 
CL 
MVE LOW 


ZERO 


NORMAL TZE 


LAI 
BR? 


al 
Ltt 


Pos 7 


0) AND NORMALIZE 


CO Ci Bt 
SINCE A = 


Por S24r 2 Uva /7- ao 


PAGE oon 


RESULT. 


BO AND NORMALIZE RESULTS. 


HERE. 


DUTPUT A ZER, 


HERE, 


HNLY TP ORESULT = 0. 


TF RESULT IS NEGATIVE. 


nl) NORMALIZE RESULT. 


TF SIGNS ARE THE SAME, 


Din 


lo ReESuLT 


JUST ADT, 


AN OVERFLOW OCCUR 


DOES CHI HAVE THE MB’: 


NOS TOT 22020 FAMILY MACRO ASSEMBLER FIDO, 7 84, 343 Lee S4e ee! “Ose S/H 8o 
#H3 PRERELFEASE +#e 


O204 O87 4008 ZALH CHI IF YES, NORMALIZE RESULT. 
O207 OOS 4908 ATID Che 
A208 08% 4B12 RET TTEEN WILL PERFORM 14 "NORMS" 
20% OOS CEAZ NORM 
O-To OOBBR FRA H CITPLIT GO OUTPUT RESULTS, 
OoORr Oda 
OF 11 OoO80 400BR Lol ZALH eal HERE TF CLO HAS MEE, 
O212 OOBE COL LARK ARO, 14 OFFSET EXPONENT BY 14. 
O71 OOSF FREO LZ NOF LOW DID BIT SEARCH CAUSE OVERFLOW? 
OOO OOVE 
O214 0091 4B12 RET TTEEN IF NOT, NORMALIZE RESULT. 
O215 0092 CEA NORM 
O216 0083 FFEO E CUTELIT GO OUTPUT RESULT. 
Oovd OAL 
O217 
OF Le 
O219 
OS So 


O21 


FINISHED WITH NORMAL T ZATION 


HERE ONLY IF OVERFLOW OCCURRED DURING ADDITION 


we ok oe Om ko 


W2e8 a 
O24 OOVER CEOS OVEFLOW RoXM RESET SIGN EXTENSION TO SHIFT RIGHT. 
O2S5 OO74 CEL? SFR SHIFT RIGHT. 
O224 OO%7 G80A SALH HI STORE NORMALIZED MANTISSA. 
OF27 OOF AOOB AIL mae 
Ose OOF BOF LAL CEXF DECREMENT EXPONENT. 
O227 OO78 OOOT ALL CINE 
OF30 OO9FR 400% SACL EXP 
OSS] OG%C FRO B GROLING GO OUTPUT RESULTS. 
Hor OO87 
Oeae + 
Oss # OVERLOW OCCURRED DURING BIT SEARCH 
Onag # 
OLS OOVE NOFLOW MAR a DECREMENT EXPONENT. 
36 OOVF RSXM RSXM FOR LOGICAL RIGHT SHIFT. 
O37 OOAQ SF FE FERFORM RIGHT ‘SHIFT. 


a 


~~, 


ca 
1 ie sy 


es Se et a 
mm on 
a 


as Cape) oa 
“alr oN 


TARE CARE OF EXPONENT & NORMALIZED MANTISSA, 
THEN QUTFUT RESULTS. 


O244 OOAL 7OOE OUTPUT SAR ARG, TEMP HERE AFTER NORMALIZATION. 
O245 OOAL 45048 SALH HT SAVE NORMALIZED MANTISSA, 
e446 008737 &00B [ACL i ee 

O247 OOA4 2OOy LAL: DE AP ADJUST EXPONENT. 

O245 OOAS 1LOQOE LIB TEMP 

O24y OOAE 6009 SACL EXP 

Oe So = 

O251 QOA7 Sao? AROUND LARF 1 RESET POINTER, 

Q2a2 OOAR 480 RET THREE 

OSes OO? EDAD CLIT H+ FAQ 

O204 OOAR CEIF IDLE WAIT FOR INTERRUPT. 
NO ERRORS, NO WARNINGS 
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FABE O00] 


OOO 4 HEPEKRAPHAEHHHRHHHERRHHEHHERPHERSHHHHREHRREHHHHERHEHUEGUHHHEHHHHH 
OOO? 
OOS 
OOO4 
OOS 
OOO4A 
OOO7 HHEHLHKHHHHRSEHHHHRHHEUMHHSHEHHEHRHHHHEHSHEHHHHRHHRHHHEHHHH HRB HED 
OOOs 
OOO? 
OOO 
OO. 
OO L2 
OOS 
0014 
OoOTs 
OOS 
O17 
OOS 
OOL? 
OO2O 
OOF 1 
OORs 
OOS 
OO24 
OO2S 
OOP! 
OO27 
QO2E 
OOL? 
OOO 
OOS 4 


OOS 


+ 
THIS IS A FLOATING-POINT MULTIPLICATION ROUTINE WHICH = 
TMPLEMENT: THE IEEE PROPOSED FLOATING-POINT FORMAT # 
ON THE TMSs2020, # 
# 
# 


we ok oe ke oe 


INITIAL FORMAT (ALL 14-BIT WORDS) 


eewee weres cones ences eeees tees -cnes Crete canes Sete crews etmte fnowD emNSY coene spees meses coms 


Ake RS A=IGN (O OR -1) 


remy cues ounce cnecs cents apes Senne MaRS cOOt eoees eters GPEE GREET weneY suneS CEteD serey comes 


mcewe ements neaey neeey Genet seame seuss Semre somes mmm Guete Seens BEEES Ceces Cube cue: cunes cone 


Or. in BITS AHT (NORMAL IZED) 


ecees epeee veer: steee Games capes mneuh arpen CORD MEME SHES erene EPUES Ctnee eben! sumee cones aptee 


pO, “2° RTS 2-=0=5 ALU 


ewes eeete temne sunes canes Scene GeEEe Cube Rees HERE SOmEn EHDOS Onnte aDOES Cues emnme sooo const 


Ame nense eases sense eames Ceres EEeET SUES SapeD GENES Cones GunES GUnES Dene! CEDED entET entre comm 


REAP (to? Te tae) 


etee eee Cecee veeEE Soume GeRRe SOEee TEEDE GOR? CEEED SOULE tener EVER epee epane eoees sOEes teens 


TO CORRESPOND WITH IEEE FORMAT, 
ENP Oo dP Se ae CR bo 
INSTEAD OF 1.F # 2 #8E, AND SUBTRACT 127 FROM E. 


THE FINAL FORMAT IS THE SAME AS THE INITIAL FORMAT 
EXCEPT THAT FOR CLO WE HAVE: 


Ca a a ee a a 
OOn4 14 BITS roo 
COC a a a 


GOA, 
OOS7 
OOH 
OOS 
0040 HERPHHHHHHKHHERHHHEHERHPHHHHERERHKREHEHRHHEEHREEHEHHEHHEHREHEREEH 
OO4 1 
OO4e 
OoO4s 
O44 
OO4e 
HO44, 
Oog? HEHLHHEHRHHHREHHEHEEHSHRHHEHEHERHEHEERHEHEHSERHSPHRSEHRERERSE EH SHHHE RHEE 
OHO4s % 

OO4Gy OOOO AOR 

ORO OOOO A5TGN Emu GO 

OOS 1 OO01 AEXF EG! H 

OOS Ooge AHI EAL = 

OOe GoOoS ALO Eri : 

OO84 OOO4 BSTGN EM 4 

OORS 0008 BREXF Er a 

COA MOOEe BHI Frit bs 


ALL 14 BITS OF CLO ARE VALID. ANYTHING FAST THESE HAS 
BEEN TRUNCATED, 


i i i a i 


WORST CASE (EXCLUOING INITIALIZATION AND T/ii: 
face MICROSECONDS, 

THIS TIMING INCLUDES THE NORMALIZATION. 

WORDS OF PROGRAM MEMORY: 40 


Ce ee ee ee 
a a a 


NOS TOT 


OO? 
Oose 
OOS? 
OO40 
O06 1. 
OO4? 
OOAS 
OO44 
O0G5 
OOGA 
OO47 
OO4F 
006% 
0070 
O71 
0072 
OO7 3 
0074 
Q075 


O0O7& 
0077 
OO78 
OO7'? 
OOO 


0081 
OOS 
OOS 
OOE4 
OOS 
OOS! 
OO87 
OOS 
OOs9 
OOVQ 
OOTL 
OO? 
OCIS 
OO? 
OOPS 
OOVA 
OOV7 
OoOvEe 
OOv 
OLoO0 
OLO1 
OLO2 
OLOS 
OLo4 
oO1oOs 
OLO4 
O107 
OLos 
OLO? 
OL10 


mt Ot 


¥ 


B-2 


OOO 
0001 
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OOO7 
Ooos 
OoOOF 
ererey | 
OOOB 
OOO 
OOorn 
QOOE 
OOOF 


Cao4g 
MEO7 


OOOe FE 


oO003 
0004 
Oo0S 
OGL 
0007 
OOOs 
Ooo 
OO0A 
OOOB 


O00C 
OOOL 
OOOE 


QQOF 
OO1O 
OOLL 
OO12 
OOS 


Oo14 
OOS 


HOLE 
OO17 


Oo Le 
Oo? 
OOLA 


Sony 
Dido 
OFO00 
CRO? 
BOAO 
Loo0 
ba Lt 
Od 
FFFF 
6000 


200] 
OOO 


E007 


ie oie 
rd wa 


m0 7 


Be ae ee, 
Sie 


450 
490E 


680R 


QOOLR SSC 


OO 
Oo n 


tenet Ht SF At 


BL 

mS TIGN 
CEXF 
HI 
CLO 
THI 
NEGONE 
TLO 
TEMP 

# 


we ONO 


i 
7 


Eni 
Ei 
Emu 
Eni 
Et 
Er 
Eri 
Feil 
Eri 


INITIALIZATION 


4 


1 

ARI, 2200 
Z 

#+ FAC 
ARO, O 

CQ 


FFFF 


NEGONE 


PLO. 7 84, 245 [ase Oss 7 esa 


FAGE 0002 


BEGIN ON PAGE 4, 
SET SIGN EXTENSION, 


READ NUMBERS INTO BLUOCE Bo, 


CLEAR EXPONENT REGISTER. 


NEGONE = -1 


BEGIN FLOATING-FPOINT MULTIPLICATION. 


LAI 
A0U 
SACL 


LT 
MFY 
FAI: 
SACH 
SACL 


LT 
MFY 


AF AL 
AF AL 


ADDH 
AND 
SACH 


My F’ Y 
FAC 


ADS 


AE XF 
BE XF 
CEXF 


ALU 
BHI 


THI 
TLO 


AHI 
BL 


THI 


TL 
THI 


BHI 


THI 


ADD EXPONENTS. 


FIRST PRODUCT (ALO # BHI) 


SECOND FRODUCT CAHI # BLO) 


HAS EFFECT OF (AHI # BLO + ALM & BHI) # S& ## 


(AHI # BHI) 


ah ea 


NOS TOT 


O111 
OLi2 
Oiis 
O114 


OL11s 
O114 
O11? 


O118 
O11? 
O120 
O12] 
Ole2 
Oss 
O124 
O25 
O1lZ4 
O127 
O12 
Oley 
Ovada 
Oil 


Oe 
OLS 


0124 


Oise, 
O14 
O27 


OL: 


OLS ¢ 
O140 OC 
Nl ERR 


OOLE 
OOF 


GOZO 
O02 1 
OO2? 
OOP 
Oo24 


OOes 


OOS Gs 
OO27 
O028 
QO 
OOLA 
QO2R 
O02 
Oo.T 
OU2E 


OOF 
COORG 
OOS | 
OAS 
OOS 
OOA4 


OOS 


DR, 
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HHH PRERELEASE #2%4# 


mAQQ 
A009 
FF SO 
OO2F 


400A OK 
470 
CEA 
E08 
&OOB 
POOF 
ZOO? 
LOOF 
AOS 
+ 
4100 SETSIN 
404 
FSao 
OS? 
CAQO 
E008 
FR SO 
Oo 
SOOT NEG 
A008 
mete LILI PLT 
rebos 
FOAG 


i LEIP 


NO WARNINGS 


SAH 
SACL 


LAr 
SACL 
LARF 
RE TE 
OUT 
IDLE 


HI, 1 
wate! 


oo . 
’ 
] | KE 


EXP 
SETSIN 


CHI 
ee aes 


CHI 

CL 

ARO, TEMF 
IE XF 
TEMP 
EXE 


ASIGN 
BSIGN 
NEG 


IS TGN 
OUTPUT 


NEGONE 
mS IGN 
1 


at 
— 


H+ FAD 


PO. % m4. 34s LS:S4:55  O8-27-85 


PAGE oOOO% 


BET RID OF EXTRA SIGN BITS. 


TS RESULT ZERO? 


NORMALIZE AND WRAP LIF. 


WHAT Is SIGN OF RESULT? 


OUTPUT RESULTS. 


B-3 


APPENDIX C 


NOSTOT 22020 FAMILY MACRO ASSEMBLER PCO, 7 84, 345 bate eoe ly “Wael a5 
##e% PRERELEASE ### 
FAGE O04 


OOO F PHHRRHHHESHHHHHEHHHHHEHHESHHHEHEEUEHHEHESHHHHSHHEEHHREHHHHEEE SH 
NOS 
OOO 
OOO4 
GOOF 
OOO4 
OO? HREPHHHRHHEHHHHEEHEHHEEEPHHHHEHHHHUBPEHERHEHERHHHEHHEYERHESH 
OOOE 
OOO? INITIAL FORMAT (ALL 1464-BIT WORDS) 
OO LO 
OO ti 
OOo .s 
GOS 
oOo14 
OOS 
OO4 
OO17 
OOS 
Oo? 
OOZO 
ooOe] 
OB? 
OOS 
OOe4 


oe ee 


Hoss 


ae 


THIS TS A FLOATING-POINT DIVISTON ROUTINE WHICH 
IMPLEMENTS THE TEEE FROPOSED FLOATING-FOINT FORMAT 
NN THE TMEa2020, 


a a 
ae ae 


Be 


Peet en eee cones Saves Comm SEtee Kenet capes eenas Gmams SOmee HTet none samme Semre eoeN) tener eteNe 


ALL O OR 1 ASTGN (QO OR ~-1) 


Orer owes cares Coeme ROetD GENEL PONE SOuby coneD OretD Sane: SOEEE anedt enone aoett Spee emery oureE 


a ee 


ae: 


POEOe anaes wenes cones cOeet GeneE SnDEe aewee cure: GENE treet HOPE genes nemne eames sgenn conet Oonet 


iQ, Lor Ble AHI (NORMALT ZED) 


tere cnane ovene wnece envoy euser GmESY cusge euED ems Sane: SEEPS emote etpet Sere SOEHe seeee sonen 


MOK Ke 


eeabs eames epeee erend Soca: sane MBuee epEDe suuns cout ameee sount epeee ances mpeee cnmes amame weer 


ry PY URITS 1-0; ALD 


eenem gnome canes conse Ganeh TERRE artes eetny Henad eopt cOntD Outen cnegh eoeED ene eomee anees teas 


cewes ewwee ennnes scene soece seers etewe qtaey cneme cunm erent eaube seems Oneee woere mpEeE eneee weset 


AEAP (=127- 70 1283 


eores aenme Cueed epeee Gmnee eEmES Omeee wHEeE cEEED EOE Somes mmtES tocmn cnces asene ereey ener meece 


OOS 
OOF? 
OOSE 
OO 
OO30 
OOS 
OOs2 
OOs3 
OO} 
O38 


OOS 


TO CORRESPOND WITH IEEE FORMAT, 
ELD Cea otk “ae Seo se apd) 
INSTEAD OF 1.F # 2 ##E, AND SUBTRACT Le’ FROM E. 


THE FINAL FORMAT TS THE SAME AS THE INITIAL FORMAT 
EXCEPT THAT FOR CLO WE HAVE: 


eeeme meres ewere wosee comme ooeet arene cpmam cones aunts CURSE SERE! EeEED cores comms SonED coner fuEer 


st ae 8 Be CLO 


i a a a a i i i a 


OO37 ALL 14 BITS OF CLO ARE VALID. ANYTHING FAST THESE HAS 
OOS BREEN TRUNCATED, 


me eke 


Oo4g PEAPRRHHLKKAPHHHHHAHHAAERAHHSHEERHREREHEEENR EERE EHEE EERE EEHHEEY 
Oo4 ¥ : 

OO4as # WORST CASE CEXCLUDING INITIALIZATION AND [T/o): 
OoO4s # 238 MICROSECONDS, 

godg # THIS TIMING INGELUDES THE NORMALIZATION. 

OOae # WORDS OF PROGRAM MEMORY: o2 

OAs % 

OO4?7 PEMEUPAKPHHHHHEHEREHEHHSH AREAS ALESHAHHRSHEHHERSHH SHS HRHEERS 
OAs # 

QOO47 Oe Acre 
OOO O00 ASTON Ertl 

Oe 1 OOO, AEKF Ela 

Oa Se OOS AHI Emu 


Ce a a a 


soy tty 
co) 


m™ TD fe lb po et 


we? 


Sle bates OOO8 ALO Pill 
Oo OMOO4 BSTON EC 


QO Q005 BEX EGIL 
aT batten H0048 HHI Fi 


C-2 


NOSTDOT 


OOF 7 
Ooss 
OO? 
OO40 
OO] 
ONG 
OOS 
OO4A4 
OoO65 
OOS 
OOA? 
OOAS 
COE? 
OHO7O 
OO7 1 
OO72 
OO7 3 
0074 
O07% 
OO74 
OO77 
OO7S 
OO7S 
OO8O 
OOS 1 


OO. 


ee 


mm ght, Ome. ene 


OUMeNS 
OOS 


OOS 


OORD 
OOO 
OOF 1 
OO? 


a 


OCs 
OOD 
OO?? 
OOS 
OCI 
OVO 
Oo 
O12 
OLos 
44. 
O1oOs 
OL oé 
O17 
Opcns 


Ovary 


OOOO 
OOO1 
OOS 


OOO 
0004 
OOOE 
OOD 
OO 7 


OOOE 
OO0F 
O00A 
OOOB 
OOO 


QOOOTI 
OOOE 
OOF 
OO LO 
QOL] 
Oo Ts 
OOS 
OO 4 
OOS 
OOS 
Oot? 
OOS 
OOo. 
OOLA 
MOB 
OO 
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OGO7 
OOGE 
OOO? 
OOO 
OOOR 
OOO: 
MOOT 


QOOOE 


OOOF 
O010 
oOo. 
OOS 
OOS 
Oo1 4 
OO1S 
OOA 
OO17 
OOS 
OO? 


mao4 
CE O7 


SS 


Diod 
OF00 
CBO? 
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Lad 
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FFFF 
AOOK 
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19000 
4014 
CAQ4 
AQQE 
AGT 
4015 
CAG 
ALE 
CAGE 
6017 
CALE 
64018 
DAT 
é01F 
ADO 
AOC? 


BLO 

mS LGN 
MEXF 
MHI 
Cio 
NEGONE 
TEMF 
Four 
iM 

iL 

Fil 

R2 

CL 
MiQO0 
CINE 
THREE 
FITEEN 
THIRTY 
TTEEN 


i a a ed 


Frill 
Fru 
Er 
Er 
Emit 
Frat 
Ertl 
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ELL 
Eu 
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Eri 
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INITIALIZATION 


LOPE 
=X 
LARF 
LALE 


RE TE 
IN 

LARF 
LARE. 
LALE. 


SACL 
LALE 


BALL 
ALE 
SACL 
LACE 
SACL 
LACE 
SACL 
LACE 


4 


1 


ARI, 2200 


7 
H+ FAG 
o 
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>FFFF 


NEGONE 
>1OOG 
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4 

Filife 

1 

CINE 
THREE 
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PLTEEN 
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THIRTY 
ti 
TTEEN 


EXP 
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REGIN ON FAGE 4, 
SET &IGN EXTENSION, 


READ NUMBERS INTO BLOCK Bo, 


MLEAR EXPONENT REGISTER. 


NEGONE = 1 


Miooo = =1oOo 


FOUR = 4 


MINE = 1 


THREE = 3 


Pa Pee As 1S 


THIRTY = oO 


TTEEN = 12 


LEAR CEXF 


NOS TOT 


Olid 
O11 
OL11e 
OLis 
O114 
OL15 
O114 


O17 
Ois 
O11? 
OLZo 
Oe! 
Ole 
O23 
O14 
Olf3 
O126 
Ole? 
O25 
O1e? 
0130 
Osi 
O1se 
OLSS5 
O14 
Oe 
OVS4 
Q 127 
Oss 
Oya 
O140 
O14) 
O142 
OL45 
O144 
O145 
O1 44 
0147 


O1 48 
o14y 
O50 
O31 
OVS2 
OVS 
O154 
OLS 
O14 
O37 
O{Ss 


Oa as 


0140 
O14] 
O142 


OoOG 


OOLF 
OOLO 
O02 1 


OO22 


OOS 
OA 
OOF 


OOZL 


One 7 
OOFE 
OOBY 
OO2A 
OOSE 
OO 
O02T 
OOSE 
OOF 


OOO 
OOS 1 
OOS? 
OOS 
OOs4 
OOS 
OOS 
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OOSR 
OOS 
OosD 
OOSE 
OOS 
OOad 
O04 1 
0047 
OO4S 
0044 


OO04% 
OO44, 
O47 
QO4S 
OOdy 
OO4A 
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F000 
1oOo04 
PAC 
OoO2s 


SOOk 


4n07 
AIS 
ABLE 
Cel? 


4B17 
ATO: 
6214 
AQOF 
2F ii 
4E17 
A704 
S212 


4010 


IO 
a? 
CmE14 


» 4817 


47 OL 
4013 


. 400F 


4710 
1O13 
6008 
4508 
200A 
4E1i4 
FeeO 
OO" f 
2015 
AO? 
BOO] 
1005 
Ooo? 
AO? 


O08 
FARO 
OO4E 
4008 
4°08 
4Bi+ 


xS 


Ce i 
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. 
woe Te 


NOOVEF 


a + 


NORMAL 
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FOGE Oooo 


FINISHED WITH INITIALIZATION 


LAC 
SACL 
SLB 
BZ 


LAC 
[ALL 
ZALH 
ADL 
RET 
SFR 


RET 
IBC: 
SACH 
SACL 
LAL 
RET 
SRI: 
SAH 
ATL 


ee 
MFY 
FAC 
RET 
SUBIC 
SACL 
ZALH 
ADT 
SUB 
SACL 
SACH 
LAC 
ANT 
BR? 


LAL 
SACL 
LAC 
SLB 
ADD 
SACL 


ASTON 
mS TGN 
BS TGN 
rik 


NEGONE 
ms TGN 
AHI 
ALU 
THREE 


FITEEN 
BHI 


BH I 


FITEEN 
BHI 
ick 

IM 

ie 

iL 
Cho 
CHI 
MHI 
MiaQo00 
NOOVE 


CINE 
CEAP 
AEXP 
RE XF’ 
ILE XP 
EXP 


NORMALIZE 


LAL 
BZ 


ZALH 
ALT 
RPT 


CHI 
LU 


HI 
PL 
TIEEN 


CSTGN = ASSIGN, IF ASTON = BSTGN, 


ELSE, CSIGN = -1. 


SHIFT DIVIDEND TO FROTECT FROM OVERFLOW. 


MM = AHI: ALO / BHI, Ri = REMAINDER. 
HIGH ACCUMULATOR RETAINS REMAINDER. 


y BA 
(Ri # S##17) 


(Rl # 2##15) 


COMPUTES / BHI. 


HIGH ACCUMULATOR RETAINS REMAINDER. 


MORRELTION TERM = (QM # BLIO) 
MOMPUTES (iM # BLO). 


/ BHI. 


COMPUTES (iM # BLO) / BHI. 


MMi GL - OFeL = CHIICLO 


DID AN OVERFLOW OCCUR 
TF NOT, GOTO NOOYVF. 
ELSE, INCREMENT CEXF. 


IOMPUTE RESULTING EXPONENT. 


DOES CHI HAVE THE MSB? 


Ip YES, NURMALIZE RESULT. 


WILL PERFORM 14 "NORMS", 


WIVES GL, AND Re. 


C-3_ 


NOS TOT 


OLAS 


O1464 


O1E5 
OQ1464 


O147 
O16 
O169 


0170 
O171 
O172 
O73 
0174 
O175 
OL74 
O177 
O75 
O17? 
OLS8O 
O1S1 
0152 
OLla3 
O84 
oes 
OLS84 
O187 
Oise 


o1e9 


OO4BR 
OO4C 
OoO4T 
OO4E 
OOF 
OO8O 
OOS 1 
QOS 
OOS 


OOF 4 


OQEE 


OO 


O07 
OOS 
oOas? 
005A 
OO3B 


OO 


NO ERRORS , 
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MEAS 
FREQ 
OO37 
400B Lit 
Faso 
OOS 
4B1 
CEAZ 
FFEO 
0057 


me oe oe ok ok Ok 


IEO& NOFLOW 
CEL 


We OK oe OK 


+ 
OUITRLT 


Cer 
NO WARNINGS 


OUTPUT 


CLO 
NOFLOW 


TTEEN 


CUT RUT 
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GO GLITFUT RESULTS, 


HERE, IF CLO HAS MSE. 


CIN BIT SEARCH CALISE OVERFLOW? 


TF NOT, NORMALIZE RES 


GO OUTPUT RESULT. 


FINISHED WITH NORMALIZATION 


NVERFLOW OCCURRED DURING BIT SEARCH 


ROXM 
SFR 


RSXM FOR LOICAL RIGHT SHIFT. 


PERFORM Riba? Siri 


TARE CARE OF EXPONENT & NORMALIZED MANTIS 
THEN OUTPUT RESULTS. 


SACH 
SACL 
LARF 
RPT 
CLIT 
LOGE 


THI 
moo 

1 
THREE 
#+, FAO 


SAVE NORMALIZED MANTIS 


RESET POINTER, 
QUTFUT RESULTS, CSIGN, 


WAIT FOR INTERRUPT. 


LT. 


A, 


=A. 


CEXP, 


CHI, 


AND CLO. 


rT & 


TEXAS 
INSTRUMENTS a. 
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